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The UTA within the Standard Model ‘UTfI't

The experimental constraints:

- Ams Vub relying on theoretical calculations
= aK,Amd, . of hadronic matrix elements
A d Vcb
sing3,cosP,a,y( 2B8+Y) independent from theoretical
0.5 calculations of hadronic parameters
overconstrain the CKM parameters consistently
0
0.5 y \
i / S
./ |p=0.132:0.02¢——1,~16% The UTA has established that
A=/ — A ! . . .
-/, In=0.358:0.013—~=—+~ 30 the CKM matrix is the dominant source
1 05 0 05 1 5 of flavour mixing and CP violation
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From a closer look ‘UTfIf

From the UTA
(excluding its exp. constraint)

sin2f3 0.771+0.036 0.654+0.026 2.6 «——
v 69.6°+3.1° 74°:11° <1
o 85.4°+3.7° 91.4°+6.1° <1
|V |-103 42.69+0.99 40.83+0.45 +1.6
V|- 103 3.55+0.14 3.76+0.20 <1
g¢ - 103 1.92+0.18 2.230+0.010 1.7 «——
BR(B— tv)-10* 0.805:0.071 1.72+0.28 3.2 «——
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B*—DOK* decay

CP violation enters the Standard Model as a complex phase = only observable in the interference. To
measure @,/y, use interference on V,, and V _ amplitudes:

B-DOK- ¥ - B~ P -
- - us - - e
—DOK: ,<K “‘] . D’

W, i : . c

B

b Veb’ C V. S
B__‘— Do K

v a a i
Ay ~Vcbvu*s ~ A A, ~Vubvcz ~ AL (p—in)~ e "

Amplitudes interfere if D° and D° decay into the same final state D°> +re'?
Relative phase: § = —¢; + 0 (B—DK"), 8 = Qs + o (B*—DK™)
includes weak (@5/y) and strong (0) phase.

Magnitude of CP violation is determined by the ratio of the two amplitudes:

D°)

r; =|A(B~ — D°K™)/A(B~ - D°K") VinVes

x [colorsupp.]

cb V'us
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Dalitz analysis method

A. Giri, Yu. Grossman, A. Soffer, J. Zupan, PRD 68, 054018 (2003)
A. Bondar, Proc. of Belle Dalitz analysis meeting, 24-26 Sep 2002.

‘ D°>+ re'g‘ 5°>
Using 3-body final state, identical for D® and D9 K 11T,

e . 2 2 2 2 2
Dalitz distribution density: ~
y dp(mst’mKSn—) o des”+desﬂ_

2 2 _ ibkids
= A +re
fo (mKS”+ , mKSﬁ_)

(assuming CP-conservation in D° decays)
CPV can be observed as difference in the Dalitz distribution densities for D originated from B* and B~

If fD(mf< o mf( _-) is known, parameters (@4/Y,rg,0) are obtained from the fit to Dalitz distributions
S S

of D—K, 1 from B*—DK* decays

Need to know a complex form of the D° decay amplitude, but only |f5|? is obtained from D*—D1r

= Need to use model description, model uncertainty as a result
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Binned analysis

A. Giri, Yu. Grossman, A. Soffer, J. Zupan, PRD 68, 054018 (2003)

< . 11 Number of events in DO-plot: Ki
?g * 1 Number of events in B-plot
25 F g
E i 2 /
15k Number of events in Dqp-plot
05| :
: < R Cj =<COSAJS(D) >g; Sj =<SINAS(D) >4,
0 T I IR BN ST I SIPINT. SPI S C
0 05 1 15 2 25 3
meevcy C =C.,S =—s_and s’ +c¢° <1
*C;, S; can be obtained from B data (M,) only = Very poor sensitivity
* ¢; from Dgp, s; from B data = Poor sensitivity for Y
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Dalitz: model-independent approach

A. Bondar, A. Poluektov, Eur.Phys.J. C 55, 51 (2008)

Model-independent way: obtain D° decay strong phase from qJ(3770)—>DI5 data

P.(m:,m?) o f,+(x+iy) fy =P, +15P, + 2,/P.P,[X.C +V.S]
P, (m;,m?) o fy(m,m?) [ X, = I'g C0S(S + 3)

_ ' Free parameters
P, (m?,m?) o f,(m? m?)? Y. = IgSin(S + ¢3) P

Unknown, can be obtained

C(m;, m?) =cos(5, (M, m>) — 5, (M2, m;))
} from charm data at w(3770):

S(m, m*) =sin(S, (M7, m*) — 5, (m*, m;))

:>,\ W(3770)

Dep—Ksw, KK, ... = ‘<, Dop—K T
Dep— K m: Fep. (mf’ mf) = fp fD |2: P+ 5D +2 PDﬁDC

2 2 12 12 cr 3 r 12
W(3770)— (K1) (Kemrm), : Fcorr (M=, mim,m=) =| fp fp — fp fp |°=

= Py PS + PpPh — 2. /Py Py P5PS (CC’ + SS”)
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Binned analysis: (Ksz*7)?

2 correlated Dalitz plots, 4 dimensions:

<N>;=KK_ +KK; -2 /KK,KK_ (cc; +5;5;)

[/ po P cOS(AS, (M?, m?))dD [ /po Pp SiN(AS, (M2, m?))dD

i S, =
\/I deD'IEDdD \/I deD-IﬁDdD
Di D D, D,

Can use maximum likelihood technique:
—2log £ = 23109 Ppoisson (Nij, <N >jj) = min

with C; and S; as free parameters.

For the same binning as in D.p, number of bins is /A? (instead of ),

but the number of unknowns is the same.
With Poisson PDF, it’s OK to have N;<1.

Can obtain both ¢; and s;.
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Model-independent approach: toy MC

A. Bondar, A. Poluektov, Eur.Phys.J. C 55, 51 (2008)
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Model-independent approach

Introduce the binning of the phase space (i=-N, N). Number of events:

(NY; =hg [K; + 5K +2 KK (x¢; +y8,)]

contains only the terms that can be obtained experimentally, does not
depend on the amplitude structure inside the bin.

Optimal binning — stat. precision comparable to unbinned measurement

3620609-025

| Y BaBar Model ® CLEO-c Data

0.5_*

C S 1
1 I N L1y TS RS | TR R — I — I — I ——
0.5 1 1.5 2 2.5 3 -1 -0.5 0 0.5 1
m?2 (GeVZc*) c

CLEO-c measurement: [arXiv:0903.1681, PRD 80 032002(2009) ]. Expelct 2-3° contribution
CLEO-c (NEW) [arXive:1010.2817]
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D Mixing

o Improve precision of parameters of two mass eigenstates:
Xp = (My-my)/T;  yp= ([-')/(2T);

la/p| and ¢,= Arg {a/p} < CPV parameters
where

D°=pD,+qD, and D°=pD,-qD,
o Search for CPV

o Examine whether CPV originates from the mixing (p # q),
from decay (Arg{A:} # Arg{A}) or decay/mixing interference.

a Aim for precision in (Xp, Yp) of ~104

o Allows ,measurement of asymmetries in D° and D°
parameters in various decay modes (direct CPV?)
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Mixing Measurements

« All current measurements exploit interference between direct decays
and decays through mixing:

Af(Doef) Accessible to D or D

4~ Kn(WS),
Q ) L point on DP, etc
paN

A(DO>f) A, =, NB)A,

« Time-dependence (no CPV, to 2" order in x and y)

Strong
phase

dN/dt ~eTtx [r? + g (Yp COS &; —Xp Sin &;) T’ ¥ + Va(Xp2+yp?) (T 1)?]
Direct ) Decay through

decay | Interference Mixing
Interference term is approximately linear in xg, yp

But I'rand O are, generally, unknown

So can usually only measure the rotated quantities

Xp=XpC0s & + ypsing AND Y5 =YpCOS & - XpSin &

unless measurements of 6,from charm threshold are available.
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Mixing Measurements

Xp VS. Yp
« WS decays DO > K*r: PRL 98,211802 (2007)
16 unknown, r?=Rpcg — measure (Xp?, Yp')

- WS decays DO 2> K*rnO: PRL 103:211801 (2009)
16 unknown, r; from decay model — measure (X", ¥p”)

° “Llfetlme” dlff for DO 9 K+K- & K+7-c': PRD 78:011105 (2008) “"?‘;—;"m """""""""" -
—Measure yqp |

PRD 80:071103 (2009)

Arxiv:1004.5053 (2010) msn
accepted by PRL f

“Golden channels” D - K_h*h-
16, =0 - measure (Xp, Yp) directly,

\ALSO measures |g/p| and Arg{qg/p}! BuUT
Introduces irreducible model uncertainty , IMU
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Project to 75at@Y(4S):
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LD

Yp —

(zzxlgrs) x 1072

(zxx 4= 0.19) x 1073

Uncertainties shrink: but are limited by the IMU (biggest effect on x )

Strong phase measurement from y(3770) can greatly reduce this.
rp — xzxx + 2.0 x 1074
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Effect of D mixing Iin the quantum-
correlated DD decays

[Z.Z.Xing, PRD 55, 196, (1997), D.Asner, W.Sun, hep-ph/0507238]
Effect of D mixing depends on C-parity of DD state.

For (Kgm*n~ vs Kgzr*z) events. C=-1.
N = KK + KK =2 K KKK (66, +58,) +O(X5, Y5)

For C=+1:

NG™ = KK + KK+ 2 K KKK (6e; +5;8;) +

i
2,/ KK K (YpC = XpSi) + 24 KK K (YR + XpS;) +
2, KK_; Ki(ych —xDsj)+21/KjK_j K_i(yDcj +xDsj)+
O(X5, ¥p)
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Kern~ - Instrument for strong phase
measurement in the hadronic D-meson decays

Difference in the Ker*zn~, K*'z=z°, K*z—z*z~ Dalitz
plot distributions for even and odd DD states can
be wused for CPV and Mixing parameters
measurement in the time integrated mode !

‘How create even and odd DD correlated states?
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D mixing In time integrated mode at ¢/t Factory
A. Bondar, A. Poluektov, V. Vorobiev, PRD 82, 034033 (2010)
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Ks

Pure DD final state (Epo = Epeam)

Equal to ¥(3770) cross-section of DD

Low particle multiplicity ~ 6 charged part’s/event
Good coverage to reconstruct v in semileptonic
decays

Pure JPC¢ = 1--initial state - .
Flavor tags (K'n* ,K-* n0,K-n* n°*), - . _
Semileptonic (Xev) e*te” -> Kar*n~ + K* 7~ (CLEO-c)
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Data Samples (CLEO-c, 818 pb1)

CLEO-c [arXiv:0903.1681, PRD 80 032002(2009) ]

TABLE II: Single tag and Kg.;,- ;7T double tag yields.

Mode ST Yield K3rtr~ yield K 7tr~ yield

Flavor Tags

Roms dsts ks T 258 Expected Data yields for 1000 fb-! (one
K-7tn" 258038 + 581 2776 5130 year data taken at L=1035):
K-rtata™ 220831 + 541 2250 4110
K-etv 123412 + 4591 1356 - ~ 3,56 10¢ Ksﬂ;+7|;— vs K- I*v

CD-Even Tags ~16 106 Kt n® vs K- v (3,5 104 WS)
K+EK- 12867 + 126 124 345 ~ 10,5 10¢ K*tr= vs K- I*v (3,0 104 WS)
- 5050 L 112 62 172 ~ 8 10% K*- vs K- I*'v (3,0 104 WS)
Kr'7Y 6562 + 131 56 -
K}r" 27055 + 2013 229 - ~0,510¢ Ksmi vs Ksmn

~ 2,7 108 Kt vs Ktrnd

CP-Odd Tags
~2,510% Kt vs Kt

K%n0 19059 + 150 189 281
- ~1,5 104 K vs K+
(U 2793 + 69 39 41

S ~7,0 104 K*tn® vs K*t—n®
Kw 8512 4+ 107 83 -
Klntm - 475 R67
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MC Sensitivity (Kez*z+ K*l1-v) lab™

] : i : § : B Ki’(sym) . K_l(asym) 7

0.02

0.01

I I | o
0.006 0.008 0.01 0.012 0.014

ootbi NN 6(X5)=1.3 10 6(dep)=2.3 ©

002 N i N o

-0.03

|III\|IIII%Illlll\llllII\|III\|IIII

-0.04

o(yp)=0.9 10 o(|a/p|)=3.6 102

If sensitivity of other states is comparable, the total
statistical uncertainty should be 2-3 times better.
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Conclusion

- Dalitz analysis is most sensitive method for ¢@,/y measurements now

« Combining all B-factory results, there is strong evidence of CP
violation in B—DK. Good agreement between different measurements,
both in rg and y/¢,

- Future @./y statistical precision will be limited by model uncertainty.
Model-independent Dalitz analysis using charm data from Super c/t-
factory will allow to achieve the order of one degree accuracy

« Dalitz method can be extended to D-mixing measurements in the time

integrated mode. Sensitivity of the Super C/T — factory can be
competitive to Super B-factories sensitivity
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